We put forward a strategy to achieve synthetic nonlinearities where local and nonlocal contributions compete on similar footing, thus yielding intermediate tunable responses ranging from fully local to strongly nonlocal. The physical setting addressed is a semiconductor material with both Kerr and thermal nonlinearities illuminated by a pulse train with suitable single-pulse width and repetition rate. We illustrate the potential of the scheme by showing that it supports soliton properties that are not accessible in either limit of purely local or purely nonlocal media.
In this Letter we put forward a new strategy to explore such intermediate localnonlocal response. We consider a semiconductor material, such us AlGaAs [15] [16] [17] [18] [19] , where the contribution to the refractive index due to the Kerr effect requires peak intensity of the order of . Note that with thermal nonlinearities a similar refractive index change might be achieved by heating with a CW beam carrying focused down to a spot size of . Even though soliton experiments are typically conducted with pulsed light [18, 19] , the thermal contribution can be neglected because a single short pulse carries a too small energy to heat the sample in a significant way. By tuning the pulse duration and repetition rate, here we study scenarios where the strength of local Kerr and nonlocal thermal nonlinearities become comparable thus yielding an intermediate local-nonlocal nonlinearity. We show, in particular, that such synthetic response supports multipole solitons that are stable for any number of poles, a phenomenon that does not occur in either of the local or nonlocal limiting cases. We assume pulse-light illumination, a key ingredient to control the relative strength of the Kerr and thermal nonlinearities. Under these conditions light propagation is described by the equation for the field amplitude q coupled to the thermal conductivity equation for the temperature distribution θ given by:
for the relative strength of the thermal nonlinearity; and β is the thermo-optic coefficient. The idea behind our scheme is illustrated in Fig. 1 . It shows the spatio-temporal temperate distribution in a sample heated with pulse train. When each pulse arrives it raises the temperature in the region of highest intensity. The peak intensity of each pulse is assumed to be sufficiently high, so that around the pulse peak the Kerr nonlinearity is significant. While the Kerr nonlinearity is determined only by the peak intensity, the temperature distribution is dictated by the pulse energy. When is small the temperature increase generated by each pulse is small. After each pulse the temperature decays, so that for sufficiently large the temperature θ between subsequent pulses decreases to a negligible values. However, as increases and decreases, a significant thermal lens builds up inside the sample, since temperature θ does not decrease between pulses. Such thermal lens impacts beam evolution with a strength that may be comparable to that caused by the Kerr nonlinearity. Thus, by properly varying the parameters of the pulse train one may engineer the overall response of the material from fully local to strongly nonlocal. Here we consider the parameter range where the two nonlinearities compete on similar footing.
To get insight into the effects caused by the competing local-nonlocal nonlinearities, at first approximation one may use in the first of Eqs.
(1) the temperature taken at the pulse peak . This is justified as long as the maximum on-axis temperature variation While stability of fundamental solitons is this system is not surprising, we found that multipoles can be stable too, for unlimited number of poles. This is in clear contrast to both limits of purely local Kerr nonlinearity, where multipoles do not even exist, and of purely nonlocal steady-state thermal nonlinearity, where the number of stable poles was found to be limited to a maximal number [5] . Examples of stable propagation of two-hump and five- 
